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4 TMOSPHERIC temperature and humidity gradi- 


l 


ents—the rates at which air temperature and 
‘moisture content change with altitude—can be meas- 
ured with increased accuracy, at heights up to 2,000 
ft, by means of a low-level sounding system developed 
by the National Bureau of Standards. The equipment 
was developed for the Navy Bureau of Ships by ea: 
Lowell, W. Hakkarinen, and D. L. Randall of the NBS 
‘electronic instrumentation laboratory. 
The NBS system was designed for use in connection 
with measurements of the propagation of radio waves 
in the troposphere (lower atmosphere). The curva- 
ture of the path followed by radio waves initially tan- 
gent to the earth’s surface varies with the refractive 
index of the atmosphere, and the refractive index in 
turn depends on temperature and humidity. At cer- 
‘tain critical temperature and humidity gradients the 
‘refraction produced is equal to the curvature of the 
earth. 
__ Since wave propagation is affected by changes in re- 
fractive index occurring in atmospheric layers of the 
order of 1 wavelength in thickness, changes occurring 
‘in relatively thin layers cf air are important at the 
higher radio frequencies. For instance, studies of 
- 100-me transmission require evaluation of the gradient 
averaged over no more than a 10-ft thickness. The 
‘measuring equipment therefore must be able to give 
high resolution in the analysis of air layer structure. 
The NBS system is a form of “wiredsonde”; air- 
eine instruments are carried aloft by a balloon or 
kite and are connected to a light-weight 3-conductor 
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Improved Meteorological Soundings 


electrical cable that is reeled out from the ground. 
However, several unusual features of the NBS arrange- 
ment make it more satisfactory than previous wired- 
sondes for the intended high resolution measurements 
have been. 

A novel electromechanical altimeter gives the NBS 
system a notable advantage over previous wiredsondes, 
because it permits more accurate measurement of 
small changes of height. Previous wiredsondes have 
had to depend on optical observations for determina- 
tions of the height of the airborne instruments. The 
NBS electromechanical altimeter, carried aloft in the 
airborne unit, is a pressure-sensitive device consisting 
essentially of a pressure capsule, a coil of about 10,000 
turns of fine wire wound over a U-shaped high-per- 
meability core, and a bar of high-permeability metal. 
As the pressure capsule expands with increasing alti- 
tude, it moves the bar and varies the air gap between 
the bar and the core, thus varying the inductance of 
the coil. Changes in the inductive impedance of the 
coil are sensed from the ground, using 60-cycle alter- 
nating current. 

Humidity is measured by sensing of changes in the 
resistance of a conventional radiosonde strip hygrom- 
eter, which consists essentially of a nonhygroscopic 
insulator with metalized edges coated with a film of 
polyvinyl alcohol containing lithium chloride. How- 
ever, instead of the direct current generally used for 
the purpose, the NBS arrangement uses 60-cycle alter- 
nating current. | The earlier d-c methods caused rapid 
polarization and deterioration of the hygrometer ele- 
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ment unless mechanical current reversing was em- 
ployed. Use of alternating current in the NBS system 
greatly extends the life of the element. 

A weight-saving innovation of the NBS system is 
the use of a gravity motor, instead of the usual battery- 
powered electric motor, for ventilation and switching 
in the airborne unit. Besides driving the blower that 
is needed to circulate air past the temperature and 
humidity elements, the motor switches the sensing ele- 
ments into the ground measuring system. A 40-ft 
length of nylon cord is wound around the drum of the 
gravity motor and attached to the balloon, and the air- 
borne instruments and tethering cable are fastened to 
the bottom of the motor. A tension of 4 lb—the total 
weight of the airborne unit, motor, and 2,000 ft of 
3-conductor tethering cable—drives the motor at about 


An Army truck pro- 
vides a mobile base 
of operations for 
NBS meteorological 
sounding equipment. 
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; 
The airborne unit, partially disas 
sembled, of the low-level soundin’ 
system developed at NBS. Visibl 
are the gravity motor (left), al 
timeter (center; removed fron 
housing), and elements for sensin) 
humidity and temperature (right 
on black rectangular mounting) 
In operation the gravity motor i 
uppermost, fastened to the balloo) 
that carries the airborne unit aloft 
A lightweight 3-conductor tetherin, 
cable (mot shown) runs from th) 
bottom of the unit to auxiliar 
measuring and recording equip 
ment on the ground. 


1,000 rpm. In the actual operation it takes about 3! 
min for the 40-ft cord to become unwound. 

On the ground, housed in the truck and small traile 
that provide a mobile base of operations, are a 60 
cycle 110-v. generator, cable reel, an electroni: 
panel, and a recorder. A final advantage of the NBS 
system is that all its measurements, including those o. 
altitude, are automatically recorded on a standard typ: 
instrument. 


For further technical details, see National Bureau of 
Standards mobile low-level sounding system, by P. D. 
Lowell, W. Hakkarinen, and D. L. Randall, J. Research 
NBS 50, 7 (January 1953), reprinted as NBS Research 
Paper 2381, obtainable for 15 cents from Superintendent 
of Documents. (Although the NBS system was devel- 
oped before 1947, this summary report and the paper 
cited in the January Journal of Research are the only 
descriptions of this development.) 


Technical News Bulletin) 


> 


“CELLULAR” 
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RINTED electronic circuits in which conducting 
patterns etched on plastics take the place of con- 
' yentional wiring have come into fairly wide use. For 
the problem of connecting components and tubes to the 
printed sheets several solutions have been offered. 
However, the diversity of these solutions and their in- 
ability to gain widespread acceptance indicates that the 
optimum answer has not yet been found. 
__ Ina novel approach to the problem currently being 
investigated by the Bureau, small 3-contact molded 
blocks or cells, each containing 1 or 2 circuit elements 
(resistors, capacitors, inductors) are pressed against 
_the etched circuit pattern by means of springs that are 
extensions of the tube socket contacts. No soldering 
is needed. This experimental technique is one of a 
number under study at the Bureau in a program, spon- 
sored by the Navy Bureau of Aeronautics, for improv- 
ing construction and maintenance of electronic 
equipment. Proposed by Dr. P. J. Selgin of the NBS 
engineering electronics laboratory, the cellular assem- 
_ bly method has several interesting features that could 
prove advantageous. 
The individual molded cells are about 7% in. high by 
% in. wide by 1 in. thick. Each has 3 contacts, 1 on 
the top and 2 on the bottom. The cells are grouped 
together in “building blocks,” each comprising 2 tubes 
and 12 cells held in a compact bundle by means of a 
suitable frame. The top surface of the block consists 
of a spring assembly containing the tube sockets and 
the necessary spring contacts. When the block is 
fastened to the printed base plate by means of screws, 
springs in the spring assembly apply substantial pres- 
sure to the top terminal of each cell and hold the two 
bottom terminals firmly in contact with the printed 
circuit pattern. Positive and noise-free electrical con- 
nection is further assured by the application of a thin 
film of grease to the cell contacts. 
The two-tube block is considered an optimum-sized 
subassembly in the NBS system. Any number of the 
blocks can be mounted on a suitably-printed base plate 
of sufficient area. Potentially inexpensive, they are 
compact (about 2% by 1 by 1%6 in., exclusive of 
tubes) and are easy to store and to handle. They 
are extremely rugged; and as long as a block is se- 
cured to the base plate, none of the cells can vibrate 
or shake loose. 
. A noteworthy feature of the technique is the achieve- 
ment of quick replaceability—of both blocks and 
“cells—without the use of plugs or connectors. If con- 
ventional “plug-in” assemblies were made as small 
as the NBS blocks, the plugs would add substantially 
_to both size and cost. The elimination of both solder- 
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Close-up showing ‘“‘cellular” technique of electronic as- 


sembly being investigated by NBS. Three-terminal 
molded cells, each containing one or two components, 
fit into two-tube “building blocks.’? A spring con- 
nected to a tube pin presses against the top terminal of 
each cell and holds bottom terminals in contact with a 
copper circuit pattern etched on the insulating baseplate. 
Each block contains twelve cells, six on each side. 


ing labor and multiple connectors results in a double 
saving. 

In case of trouble, an entire block can easily be re- 
moved for repair or replacement, simply by loosen- 
ing the screws that hold it to the base plate. Either 
on the spot or after return to the factory or service 
laboratory, defective blocks can be repaired quickly 
by replacement of faulty cells. Each cell is identified 
by suitable markings. 

An important aspect of the use of three-terminal 
cells in the NBS technique is the fact that positive 
pressure can be maintained at three points, and only 
three points, by a single spring. Fortunately, in the 
great majority of electronic circuits no more than two 
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ETCHED PATTERN 


PLASTIC CHASSIS 


Left: Drawing showing details of the NBS cellular assembly method. 
at NBS by means of the experimental cellular assembly technique. 


Right: A nine-tube working unit constructed 
For experimental purposes each cell was fitted 


with a tiny knob, and the two-tube blocks were spaced far enough apart to permit withdrawing cells without re. 


moving the blocks from the base plate. 
mounting the blocks close together. 
base plate by six screws 


circuit elements need be connected electrically to a 
single tube electrode. A three-terminal cell, therefore, 
besides being easy to hold under firm spring pressure, 
will in general provide enough electrical contacts for 
the elements associated with any tube pin. Excep- 
tional cases can be taken care of in the NBS system by 
provision for a spare cell not connected to the tube pins. 
It is also possible to provide for three-terminal cells of 
double or triple the standard thickness to accommo- 
date occasional oversized elements. 


In production, however, space would be saved by omitting the knobs and 
Repairs could be made quickly by removing a defective block—held to the 
and either substituting an entire new block or replacing the defective cell. 


An experimental nine-tube cellular circuit already 
constructed at the Bureau appears to confirm the practi 
cal possibilities of this type of construction. For con 
venience, the limited number of cells needed wer 
formed at room temperature using a casting resin 
although this is not the best material. For quantity 
production, cells could be molded in phenolic by the 
process now in wide use for manufacture of resistor: 
and capacitors. The components would be spot 
welded together and to the terminal tabs before molding 


Instrumentation Conference 


A NATIONAL collegiate-industry-government con- 
ference on instrumentation was held March 19 
and 20 at Michigan State College, East Lansing, Michi- 
gan, under the joint sponsorship of the National Science 
Foundation, the National Bureau of Standards, the 
Instrument Society of America, the American Society 
for Engineering Education, and Michigan State College. 
The conference was called in recognition of the grow- 
ing importance of instrumentation in research and pro- 
duction and to the national defense. Its purpose was 
to review collegiate activities in the instrumentation 
field and to relate them to industrial and research needs. 

The conference was welcomed by the Honorable 
G. Mennen Williams, Governor of the State of Michi- 
gan, who cited the benefits to industry and labor result- 
ing from high productivity, based on_ precision 
measurement and automatic devices, as indicating the 
importance of the conference. The rest of the session, 
on the morning of Thursday, March 19, was devoted to 
a consideration of the nature of instrumentation as a 
science. Papers bearing on this theme were presented 
by W. A. Wildhack (Chief, Office of Basic Instrumenta- 
tion, National Bureau of Standards) and J. D. Trimmer 
(University of Tennessee). 

Instrumentation needs were discussed in the Thurs- 
day afternoon session. G. M. Rassweiler (General 
Motors Technical Center) presented the needs of the 
industrial research laboratory while J. B. MacMahon 
(Republic Flow Meters Corporation) spoke for the 
process industries and George Muschamp (Minneapolis 
Honeywell Regulator Company) for the instrument 
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manufacturing industries. At a state banquet helc 
on Thursday evening, M. B. Hodgson (National Pro 
duction Authority) spoke on “Research and Develop 
ment as Affected by NPA Orders and Regulations,’ 
and R. T. Sheen (President, Milton Roy Company; 
Vice President, Instrument Society of America) de) 
scribed the educational activities of the Instrumen’ 
Society of America. 

The Friday sessions began with a paper on “Instru| 
ments and Research” by Paul Klopsteg (Associat 
Director, National Science Foundation). R. W 
Jones (Northwestern University) then discussed th 
relationship between instrumentation and the philos 
ophy of engineering education. C. S. Draper (Mas! 
sachusetts Institute of Technology), H. C. Robert 
(University of Illinois), D. P. Eckman (Case Insti 
tute of Technology), and R. J. Jeffries (Michigar 
State College) discussed instrumentation activities a 
their respective institutions. 

The wide and vital role of instrumentation in thy 
scientific agencies of the Government was reviewec 
by A. V. Astin (Director, National Bureau of Stand 
ards). Summaries of the interests of various group: 
in the furtherance of education and research in instru 
mentation as a basis for the wider and more efficien 
use of instruments in industry were presented by Porte’ 
Hart (President, Instrument Society of America) fo: 
industry and the ISA, by Eric Walker (Pennsylvanis 
State College) for the colleges and the American So 
ciety for Engineering Education, and Milton Muelde) 
for Michigan State College. | 
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Schematic diagram of the low-angle 
X-ray scattering apparatus used in 
the study of tooth siructure. A 
parallel beam of monochromatic 
X-rays is passed through the speci- 
men, and the resultant broadening 
of the beam incident on the film 
(right) is used to determine the 
particle-size distribution in the speci- 
men. The small lead stop slightly 
to left of the film prevents the cen- 
tral, unscattered beam from fogging 


the film. 
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X-Ray Scattering Study of Rao Structure 


eid LOW-ANGLE scattering techniques are be- 
ing applied at NBS to provide information on 
the structure of human teeth. Ina study conducted by 
A. S. Posner of the American Dental Association re- 
search fellowship at the Bureau, the presence of ex- 
tremely small particles—about 50 A in size—has been 
demonstrated in the inorganic parts of bone and teeth. 
These particles, which are beyond the resolving limits 
of the electron microscope and normal X-ray diffrac- 
tion methods, are thought to be the site of the sodium, 
carbonate, magnesium, citrate, and other inorganic 
ions that appear among the minor constituents of tooth 
and bone material. Their influence on tooth decay is 
yet to be determined. 

Differences in the resistance of teeth to decay are 
thought to be associated in some way with the manner 
in which the hard, calcified tooth structures are de- 
posited. To learn more about the causes of tooth de- 
cay, the Bureau, in cooperation with the American 
Dental Association, is investigating the basic inorganic 
structure of teeth and bone, with particular emphasis 
on the minor constituents in the mineral portion of 
these materials. When the dried, inorganic part of 
teeth and bone is analyzed chemically, both materials 
are found to consist essentially of basic calcium phos- 
phates with about three percent carbonate ion and 
traces of other ions, such as sodium, magnesium, and 
citrate. Examination of both teeth and bone by X-ray 
diffraction gives the pattern characteristic of hydroxy- 
apatite, a basic calcium phosphate; and even though 
the minor constituents may differ from sample to sam- 
ple, the X-ray patterns still remain the same. More- 
over, when teeth and bone are treated with mild acids, 
preferential solution of carbonate ion is observed. This 
evidence would seem to indicate that the mineral mat- 
ter in teeth and bone is an inhomogeneous mixture, 
with hydroxy-apatite as the main constituent and the 
minor constituents existing within as secondary phases, 
either adsorbed or occluded. 

To obtain more definite information on the minor 
constituents, NBS applied the method of X-ray low- 
angle scattering to the problem. This technique, which 
is used to study particle-size distribution, consists in 
passing a parallel beam of monochromatic X-rays 
through a sample and observing the resultant broaden- 
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ing of the initial beam. In general, the finer the 
material, the greater is the broadening. For example, 
the beam would not be broadened at all by passage 
through a highly crystalline material containing no 
particles below 10,000 A in size. In practice, it is 
necessary to screen off the main, unbroadened beam 
with a thin lead stop. If a film is then placed perpen- 
dicular to the beam at a measured distance from the 
sample, a photograph may be obtained of the X-ray 
scattering caused by the fine particles of the material 
under study. Then, by examination of the film with 
a traveling microdensitometer, data are obtained for 
a plot of intensity of X-ray scattering versus angle of 
scatter. The shape of this curve can be related mathe- 
matically to the particle size distribution in the sample 
in the range of a few thousand angstroms down to 
molecular dimensions. By replacement of the film with 
a Geiger tube attached to a counting circuit, the plot 
of intensity versus scattering angle can be obtained 
directly in one step. 

This method demonstrated the presence of particles 
about 50 A in size in bone and tooth mineral, lending 
weight to the admixture theory of bone and tooth 
structure. The particles may be some sort of carbonate 
admixed with the apatite. On the other hand, they 
may be finely divided apatite particles that present a 
large surface area upon which the carbonate, citrate, 
and other ions may be adsorbed. In further work 
NBS will attempt to characterize these small particles 
more completely. 

The naturally occurring mineral francolite, which 
resembles the inorganic portion of teeth and bone, was 
also studied. This material contains carbonate to 
about the same extent that teeth and bone do and is 
essentially a fluorine-substituted basic calcium phos- 
phate in which the fluoride ions replace the hydroxyl 
ions found in teeth and bone. Microscopic examina- 
tion of francolite shows a highly crystalline, homo- 
geneous material. Yet, when examined by X-ray low- 
angle scattering, francolite appears to have a small 
percentage of 50-A particles in its interior. This result 
is strikingly similar to that obtained in the low-angle 
scattering study of teeth and bone mineral. Again, 
further work is necessary to reach a definite decision 
regarding the nature of these small particles, but it 
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X-ray low-angle scattering apparatus used in the NBS 
studies of tooth structure. A parallel beam of mono- 
chromatic X-rays from the X-ray tube (left of center) 
is scattered by a powdered sample of inorganic tooth 
material (center). Intensity of scattered radiation 
at various angles from the original incident beam is 


determined either from the pattern on a photographic | 
film supported in the holder at right or by means of | 
the Geiger tube and counting circuit at extreme right, 
Particle-size distribution within the sample is caleu- | 
lated from a plot of intensity versus angle of scatter, | 


seems logical to assume that they are somehow con- | 


nected with the carbonate content of the mineral. 


NBS plans to apply the technique of X-ray low-angle 
scattering to other technical problems in the near | 
future. Subjects under consideration for study in this | 
way include pore size in leather and other high poly- | 


mers and the effect of particle size on the color of glass, 


A RECORDING ANALYTICAL BALANCE 


an electromechanical instrument for the automatic 


recording of rapid changes in weight 


Ne ANALYTICAL balance recently developed at 
NBS automatically makes a continuous record of 
changes in weight, following even rapid changes with 
good accuracy. Developed by Floyd A. Mauer of the 
NBS mineral products laboratory, the new instrument is 
being used at the Bureau to record changes in weight 
of samples of complex minerals during thermal de- 
composition. Because it combines versatility and con- 


venience with low cost, the device is suitable for many 
other laboratory applications requiring a record of 
weight as a function of time. 


The NBS instrument uses a conventional laboratory | 
balance modified so that changes of weight are bal-_ 


anced by adjustment of a magnetizing current. The 


balancing force results from the interaction of the | 
magnetic field of a solenoid (coil cf wire) with the 


Adjusting the recording analytical 
balance recently developed at the 
Bureau. This electromechanical in- 
strument automatically makes a con- 
tinuous record of changes of weight. 
Any weight change on the left side 
of the balance is promptly balanced 
by automatic application of current 
to a solenoid (coil of wire) that sur- 
rounds a permanent bar magnet sus- 
pended from the other side. This 
automatic balancing is accomplished 
by means of photoelectric balance- 
sensing arrangement; a dual photo- 
tube (on top of balance case) senses 
unbalance in the illumination re- 
flected from a mirror mounted on 
the balance beam. Associated elec- 
tronic circuitry consists essentially of 
a bridge circuit and two amplifiers. 
The current through the solenoid, 
which varies linearly as the weight 
being measured, actuates a strip- 
chart recorder (upper right). 
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field of a permanent bar magnet suspended, inside the 
solenoid, from one side of the balance. Automatic 
balancing is achieved by means of a photoelectric 
sensing arrangement in which a beam of light is re- 
flected to a dual phototube from a mirror mounted 
on the balance beam. The two sections of the photo- 
tube are connected in a bridge circuit, the output of 
which is amplified and applied to the solenoid. Any 
change in weight tending to produce unbalance is 
promptly counteracted by whatever change of sole- 
noid current is needed to maintain balance (within a 
small fraction of a division of the balance scale). An 
electronic damping circuit eliminates oscillations and 
enables the electrical output of the instrument to follow 
faithfully very rapid changes of weight. 

The record of weight changes is obtained by con- 
necting a resistor in series with the solenoid and apply- 
ing the voltage developed across this resistor to a 
commercial recording potentiometer of the strip-chart 
type. Since the balancing force exerted on the magnet 
is directly proportional to the current through the 
solenoid, the weight scale is linear and the recorder is 
easily made to read directly in milligrams. By substi- 
tution of a different dropping resistor, a different mag- 
net, or both, full scale ranges of as little as 10 mg or 
as much as 1 gm are obtained. For ranges of 100 mg 
or more, accuracy is better than 1% of 1 percent of full 
scale. 

The electronic circuitry of the balance is quite sim- 
ple. In addition to the phototube, the entire tube 
complement consists of 2 twin-triode amplifiers, a 
power-supply rectifier, and 3 voltage regulators. When 
the two sections of the phototube are equally illumi- 
nated, the output of the bridge circuit in which they are 
connected is zero. Any movement of the balance beam 
results in a bridge output voltage that is proportional 
to the departure of the beam from its equilibrium 
position. 

If this voltage is amplified and applied to the solenoid 
without any provision for damping, the balance tends 
to oscillate around the equilibrium position. For 
elimination of this oscillation both magnetic and vis- 
cous damping were tried successfully, but a simple 
modification of the electronic circuit to provide veloc- 
ity damping proved far more convenient. This 
velocity-damping circuit, a type commonly used in servo 
systems, senses the rate at which the unbalance signal 
is changing (this rate is proportional to the velocity 
of the balance beam) and applies to the solenoid a 
component of current that is proportional to this rate. 
This current is phased so as to oppose the motion of 
the beam. The result is a braking force, proportional 
to the velocity of the beam, that can be adjusted to 
eliminate the tendency of the beam to oscillate. When 
the damping control is properly adjusted, an abrupt 
change in weight as great as 1 gm can be recorded in 
3 sec without excessive hunting. 

The balance has been used at the Bureau to provide 
thermochemical data for a study of the kinetics of the 
dehydration reaction of kaolins. This weighing tech- 
nique has proved ideally suited to the automatic re- 
cording of both weight-change and differential tem- 
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Diagram showing how the Bureau’s balance is used to 
record changes in the weight of a mineral sample on 
the same chart with its differential temperature curve. 


perature curves on a single chart and has made it 
possible to obtain large amounts of needed data with 
a minimum of attention from laboratory personnel. 

An example of a potential application of the NBS 
recording balance is in the drying of cotton fibers, or 
other moisture absorbent material, to constant weights. 
A commercial manufacturer of instruments has already 
indicated an interest in constructing a model of the 
NBS instrument tailored to this particular use. 
Another contemplated use is in the study of the high- 
temperature oxidation resistance of certain of the cer- 
mets that are now being tried as turbine blade 
materials. 


Close-up of modified laboratory balance, heart of record- 
ing instrument. In work for which the new instrument 
is being used at NBS, specimens are suspended from 
left-hand balance tray into a small electric furnace under 
table supporting balance. While specimen is being 
heated, its weight is recorded continuously. 
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aN INTERFEROMETER procedure is being used 
at the Bureau for studies of the corrosion resist- 
ance of such materials as optical glass, porcelain 
enamel, quartz and other natural and artificial sili- 


cates, and various metals. The method is believed 
to have value for comparing and predicting the chemi- 
cal durability of various materials. Although inter- 
ferometers have been widely used in science and in- 
dustry for such problems as checking the accuracy of 
block gages, measuring expansion, and checking opti- 
cal “flats,” they have apparently been used very little 
in previous studies of corrosion resistance. With the 
highly sensitive interferometer method, corrosion to a 
depth of as little as 1 or 2 ten-millionths of an inch can 
be detected on optically flat specimens. 

In the NBS technique, devised by Robert G. Pike 


and Donald Hubbard of the Bureau’s mineral products 
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an inch.) 


laboratories, specimens are ground and polished to op- 
tical flatness and then immersed to half their depth in 
the desired corrosive solution. After the desired length 
of time they are withdrawn, rinsed and dried, and 
covered with an optically flat piece of quartz. Using 
a conventional interferometric viewing apparatus of 
the Pulfrich type, and with an unfiltered helium lamp 
for illumination, the displacement of the optical inter- 
ference fringes at the level-of-solution line of the speci- 
men is observed. 

As seen by the observer looking into the eyepiece 
of the instrument, these interference fringes are verti- 
cal parallel lines. If the uniform flatness of the speci- 
men under study has not been impaired by the cor- 
rosive solution, these fringes are straight and con- 
tinuous. However, if the previously-immersed part of 
the specimen surface has been sensibly attacked, each 
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of the vertical fringes is shifted laterally at the point 
where it crosses the change-of-thickness line. If, as 
sometimes happens, the solution has caused swelling 
of the specimen, the lateral shift is in the opposite 
direction. A lateral shift equal to the space between 
two adjacent fringes corresponds to a dimensional 
change in the specimen amounting to one-half wave- 
length of light, or roughly 0.3 micron. (A micron is 
a millionth of a meter or about 40 millionths of an 
inch.) With careful use of the interferometer, changes 
in specimen thickness of as little as 0.003 micron can be 
detected. 

Silicates studied by this procedure at NBS were 
quartz, fused silicia, opal, obsidian, flint, and pitch- 
stone. Porcelain enamels studied were acid-resistant, 
class A; “glass-lined” tank; and acid-resistant, class 
D. Metals were cold-rolled steel, aluminum, copper, 


Below: Results of measurements of chemical durability 
of certain metals by interferometric method. Data are 
for 6 hours’ immersion at 80°C in solutions of various 
degrees of acidity or alkalinity (Britton buffers). Be- 
cause of the rapid reaction of certain samples, immer- 
sions much shorter than 6-hours were sometimes 
necessary; such data have been extrapolated to the 6- 
hour basis. Glass, porcelain enamel, and various sil- 
icates were also investigated. Right: Using an inter- 
ferometer to measure the amount by which a corrosive 
solution has eaten away the surface of an optically 
flat specimen. This sensitive method of studying chem- 
ical durability permits detection of corrosion to a depth 
of as little as 1 or 2 ten-millionths of an inch. 
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brass, silver, and platinum. The corrosive agents 
ranged from concentrated sulfuric acid (H:SO:) to 
9-percent sodium hydroxide (NaOH) solution. Expo- 
sure times were as short as 1 min and as long as sev- 
eral weeks. Temperature in most cases was held 
ateave Ga 

A number of interesting and sometimes unexpected 
results were obtained. Swelling of the immersed sur- 
face, rather than attack, was found in several cases. 
For instance, crystalline quartz showed definite 
swelling after 2 weeks at 80° C. in an acid solution 
(pH 4.1). Opal—like quartz a form of silica 
(SiO, )—showed swelling of nearly 1 fringe of light at 
pH 2 and continued at a similar level to about pH 8; 
between pH 8 and pH 11, however, the swelling 
changed rapidly to an attack of 314 fringes. Although 
brass was attacked by strongly acid and strongly alka- 
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line solutions, there was a slight indication of swelling 


in the more nearly neutral solutions. Such apparent 
swelling could be caused by the formation of a layer 
of insoluble salt having greater volume than the metal 
from which it was formed. Of the metals studied, only 
platinum showed no detectable dimensional change 
under the laboratory conditions. The three types of 
porcelain enamels studied varied widely in their chem- 
ical inertness as indicated by the test. 


Withdrawing an_ optically flat 
specimen of glass from a beaker 
of corrosive solution in which the 
specimen has been immersed to 
half its depth. At the left are a 
number of other specimens of 
which the chemical durability was 
studied at NBS by the sensitive in- 
terferometer method. Materials 
include silver, platinum, brass, 
porcelain enamel, and _ various 
natural and _ artificial silicates. 


For further technical details, see An interferometer 
procedure applied to the study of the chemical durability 
of silicates, enamels, and metals, by Robert G. Pike and 
Donald Hubbard, J. Research NBS 50, 87 (Feb. 1953), 
reprinted as NBS Research Paper 2394, obtainable for 
10 cents from Superintendent of Documents. See also 
Studies of the chemical durability of glass by an inter- 
ferometer method, by Donald Hubbard and Edgar H. 
Hamilton, J. Research NBS 27, 143 (1941). 


Measurement of Multimegohm Resistors 


THREE-YEAR study of multimegohm resistors— 

resistances greater than 10 million ohms—has 
recently been completed by the Bureau. The technique 
for measuring the resistances to accuracies of 0.1 per- 
cent, a modification of the Higgs method, was devel- 
oped by Dr. A. H. Scott of the Bureau’s inductance and 
capacitance laboratory. It utilizes an electrometer as 
a null detector in a bridge network and involves the 
use of standard resistors either directly as components 
in the circuit or as auxiliary calibrating units to re- 
place the unknown resistor. The results of the study 
indicate that many resistor types have erratic fluctua- 
tions that vary from 1 or 2 percent to more than 10 per- 
cent. Even the best resistors have variations of from 
0.5 to 1 percent. The study also showed that voltage 
changes of from 1.5 to 180 v cause resistance variations 
ranging from 0.4 percent to 26.9 percent. 

The growing application of X-ray techniques in in- 
dustrial inspection processes and the expanded utiliza- 
tion of X-rays and radioactive isotopes in medical 
therapy and diagnosis have been accompanied by a 
need for precise and accurate radiation monitoring 
equipment. Because the radiations are usually moni- 
tored by small current reactions within such devices as 
ion chambers and survey meters, multimegohm resis- 
tors are utilized as voltage dividers. The dividers ab- 
sorb practically no current and leave a large proportion 
to operate the metering components. The current 
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flowing through the resistors may be as small as a 
micromicroampere, requiring a resistance of a thou- 
sand billion (10°) ohms to yield a 1-volt operating 
potential. Thus, the requirements for accurately meas- 
ured resistance are firmly established by the nature of 
the measurement itself. 

The technique by which multimegohm resistors are 
measured at NBS is a null method involving use of a 
vibrating reed electrometer as the null detector. The 
charge flowing through the resistor during the time of 
the measurement is obtained from a variable air capac- 
itor maintained at a fixed potential. The potentials 
across the capacitor—and thus across the resistor—are 
monitored by the electrometer. A null condition is 
maintained by decreasing the capacitance at the proper 
rate by a speed-controlled d-c motor geared to the shaft 
of the capacitor. Consequently, the only variables in- 
volved in the measurement are the change in capaci- 
tance and the time interval over which the change 
occurs. A potential divider, rather than direct battery 
potentials, is used to provide the voltages for the re- 
sistor and capacitor; the system permits a more accu- 
rate determination of the ratio of the voltages applied 
to the network. 

In principle the method depends upon keeping the 
potential difference across the terminals of a null de- 
tector very small (essentially zero) and furnishing the 
energy being dissipated in the unknown resistance from 
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Initially, the electrometer 


a variable capacitance. 
(null detector) is out of the circuit and the variable 
capacitor is charged to the full battery voltage (1.5 to 


180 v, direct current). A steady current that is a 
function of the applied voltage and the known and un- 
known resistances flows through the circuit. When 
the electrometer is placed in the circuit, the tendency 
is for the capacitor to discharge exponentially to a 
voltage value established by the potential divider. 
However. the capacitance is decreased continuously 
and smoothly so that the potential difference across it 
remains at the initial charging value. The rate at 
which the variable capacitor is decreased is such that 
the potential difference across the open switch (which 
puts the electrometer into the circuit) remains essen- 
tially zero. Because the current through the unknown 
resistance is maintained at its initial charging value 
and the energy dissipated by the resistance is supplied 
by the capacitor, the resistance of the specimen be- 
comes a function of the change in capacitance, the time 
consumed to make this change, and the ratio of the 
resistances in the potential divider. 

The sensitivity of the vibrating reed electrometer 
ised as a null detector is such that a potential of one 
nillivolt produces a meter deflection of 50 scale divi- 
sions. The response is almost instantaneous. One of 
he three variable air capacitors may be incorporated 
nto the circuit, permitting capacitance ranges of 9.5 


o 20.5, 15 to 125, and 100 to 1100 micromicrofarads. 
[he capacitors are three-terminal types, each set of 


?recision variable air capacitor. The change in capaci- 
ance necessary for maintenance of an essentially zero 
dotential across the terminals of an electrometer is a 
neasure of resistance. A controlled-speed d-c motor, 
nsulated from the shaft and frame of the capacitor, 
changes the capacitance at some predetermined rate. 
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Circuit diagram of method used by NBS to measure 
multimegohm resistors. In the diagram, s is a switch 
that places the electrometer into the circuit when a 
measurement is to be made. Cg is an auxiliary capaci- 
tor, and Cs is a precision variable air capacitor. X is the 
position in the circuit taken by the unknown multi- 
megohm resistor. The potentials supplied to the vari- 
able capacitor and the resistor are produced across 
rs and rx. 


plates of which is insulated from the frame and case. 
No dielectric is placed directly between the plates; but 
it has been found that when the relative humidity is 
greater than 40 percent, appreciable conduction takes 
place between the plates. It is assumed that fine fibers 
normally floating in the air settle on the plates and 
occasionally bridge them. A drying agent placed in- 
side the capacitor case causes the conduction to 
disappear. 

The speed of the d—c motor, which is insulated from 
the shaft and frame of the capacitor, is controlled by a 
series resistance. A coarse control maintains the motor 
speed to a small value below that which is desired; 
a shorting key provides the fine control by cutting 
out part of the resistance. It is possible, by this control 
method, to keep the potential across the electrometer 
within + 1 mv. 

The changes in time are measured with an electric 
“microtimer,” which indicates to tenths of a second. 
The circuit is arranged so that simultaneously the 
timer is started, the switch across the electrometer is 
opened, and the motor drive for the air capacitor is 
started. 

The measurement procedure used by the Bureau can 
best be described by an example. Consider a resistor 
of 10,000 megohm to be used at 1.5 v. A convenient 
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of multi- 
Charge 
flowing through the multimegohm resistor (shielded by 
can C) during the time of the measurement (determined 


Laboratory equipment for measurement 
megohm resistors to accuracies of 0.1 percent. 


from microtimer H) is obtained from a variable air 
capacitor (D) maintained at a fixed potential. The 
potentials across the capacitor—and thus across the re- 
sistor—are obtained from a potential divider (F) and 
are monitored by a potentiometer. A null condition 
indicated by (A and B) is maintained by decreasing the 
capacitance at the proper rate by a speed controlled d-c 
motor (E) geared to the shaft of the capacitor. An 
auxiliary capacitor (G) is connected across the terminals 
of the electrometer to produce the desired charge 
sensitivity. 


time interval of 300 sec and a capacitance change of 
900 micromicrofarads are chosen. These parameters 
require a voltage across the variable capacitor of 50 
v. Because the maximum stable current from the bat- 
tery supply can be no greater than 0.5 ma, the resistance 
of the potential divider is adjusted to 100,000 ohm 
and the tap from which the specimen is supplied with 
1.5 v is set at 3000 ohm. The voltage values are 
monitored by a potentiometer. An auxiliary capaci- 
tor, connected across the electrometer, is adjusted un- 
til the potential difference across the open terminals of 
the electrometer changes at a rate of about 20 mv/sec 
when the capacitance remains fixed. 

To make the measurement, the operator closes the 
switch, sets the capacitor at its highest value, and con- 
nects the battery to the potential divider. At zero 
time, the electrometer is put into the circuit, the motor 
is energized, and the timer starts. With practice, the 
operator can keep the potential difference across the 
electrometer terminals to less than 0.4 mv by keying 
the motor series resistance. At the end of 300 sec, the 
electrometer is removed from the circuit and the timer 
and driving motor are stopped. The difference in 
capacitance is determined from the original and final 
readings of the capacitor, and the timer gives the 
time interval. The resistance of the specimen is then 
computed from 


V oy 1.5 X 300 


Ses VAC 50X900X 10-2 


= 10" ohm: 
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The potential across the divider is reversed and the | 


measurement repeated. An average of this pair of 
readings is considered a single determination. 


The variable air capacitors are calibrated to 0.01 | 


percent of their maximum range. Because only 


| 
, 
i 


| 


about nine-tenths of the maximum range is used in a | 


determination and inaccuracies are unavoidable in> 
stopping the drive motor, the change in capacitance 
can be considered as having an accuracy of 0.04 per- 
cent. The error due to synchronization of the switch- 
timer-motor arrangement is no greater than 0.1 sec; _ 
thus, the time interval (300 sec) can be determined 
with an accuracy ef 0.03 percent. 

The multimegohm resistors measured by NBS were 
all of the carbon compound types. One type con-_ 
sisted of a’small coated rod sealed in a glass envelope, | 
which was treated to reduce surface conductance. 
Another resister-type was made of molded carbon com- | 
position with a large cross section. Other resistors 
include those that have a spirally cut film of carbon on 
a glass rod. Still another resistor has a narrow strip | 
of carbon painted on a glass rod that could be cut to. 
the proper length depending on the amount of resist- | 
ance desired. It should be noted that the wire wound 
resistors are probably the most stable type, but be- 
cause of the small currents—and consequently large 
resistances—required for X-ray and radiation moni- 
toring apparatus, the amount of wire needed to make 
the proper resistance would make the size of the resis- 
tor too large for practical applications. 

The accumulated data indicate that the resistance 
of the multimegohm resistors fluctuates with time and is 
a function of the voltage at which the resistors are, 
measured (1.5 to 180 v). The values of the molded 
carbon composition resistors of large cross section 
fluctuate more with time than do those of the best glass- 
sealed type. One of the molded composition resistors | 
now has twice the resistance that it had when received | 
by the Bureau 12 years ago. There is some indication 
that the resistance fluctuations of some of the sealed’ 
resistors are decreasing with age. But even the best. 
of the resistors have erratic fluctuations of the order of | 
0.5 percent. The effect cf voltage change is often, 
very dissimilar for different resistors, irrespective of 
whether or not they represent the same type of resistor. 

Although the null-eletrometer method used by the 
Bureau is capable of measuring resistances up to 10” 
ohm with a limit of error of 0.1 percent, no multi-| 
megohm resistors above 10° ohm have been observed 
that are stable with time to that accuracy. They 
all seem to have voltage coefficients. All of these facts 


considered, the presently available resistors may not 


be relied upon for accuracies greater than 0.5 to 1.0 
percent. Thus, there seems to be a great need for the 
development of more stable, low current resistors in 
the multimegohm range. Hl 


For a description of the Higgs method, see A method 
of measuring high insulation resistance, by P. J. Higgs, 
J. Sci. Inst. 10, 169 (June 1953). For further technical 
details, see Measurement of multimegohm resistors, by 
oe J. Research NBS 50, No. 3 (March 1953) 
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Focus and Quality Determination of Searchlight 
Reflections 


UD for determining the focal point and 
evaluating the quality of searchlight reflectors, 
developed by W. F. Mullis, J. A. LeReche and T. H. 
Projector of the NBS photometry laboratory, is fast 
and convenient, requires very little space, and uses only 
inexpensive, readily assembled equipment. Developed 
during an investigation of methods for determining the 
focal point of Naval aircraft searchlights under field 
conditions, the new technique grew out of a develop- 
ment program, sponsored at NBS by the Navy Bureau 
of Aeronautics, to improve all types of lighting equip- 
ment used on Naval aircraft. Although devised pri- 
marily as a method of determining focal point, the 
technique also provides a sensitive, accurate test of 
reflector quality, which is particularly well adapted to 
production line requirements. 

High intensity searchlights, intended for use at great 
distances, usually consist of a parabolic reflector and 
a small light source of very high luminance (photo- 
metric brightness) placed at the focal point of the 
reflector. If the light source were infinitely small and 
the reflector perfect, then the emergent beam would 
consist of parallel rays of light and the cross-section 
of the beam at any point would be constant in shape 
and size (neglecting the effects of the atmosphere). 
If an opaque obstruction were placed in such a beam, 
its shadow, like the beam itself, would be constant in 
shape and size and would be congruent in cross section 
to a cross section of the obstruction. Actual light 
sources, however, are always finite in size and reflectors 
depart more or less from perfect parabolic form. It is 
found therefore that searchlight beams are always diver- 
gent, although the angle of divergence may be as small 
as one degree or less, and that the appearance of cross 


sections of the beam varies markedly with the distance 


from the searchlight. 


Because of these considerations 
an element of uncertainty enters into both the accurate 
determination of the focal point of any given reflector 
and the precise location of the point within an extended 


_ light source that should be placed at the focal point of 


_ the reflector to obtain maximum performance. 


In most searchlight applications—particularly when 


_a single concentrated light source such as a carbon arc 


is utilized—maximum performance is defined as the 


_ performance obtained when the axial candlepower is 


at a maximum. The most direct and unambiguous 
determination of the focal point, or at least of the focal 
adjustment of the light source, can therefore best be 
made by photometric measurement of the axial candle- 


Top: The opaque mask, an essential part of the NBS 
| Short-Range Focusing Method, is shown mounted on a 


searchlight reflector. Bottom: Small ophthalmic lamp 
replaces the searchlight’s normal light source in the NBS 
Short-Range Focusing Method. Dimensions of the small 
coiled filament are approximately 14 by 364 in. 
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power of the beam. The light source is moved along 
the axis of the optical system until the position of maxi- 
mum beam candlepower has been found, and this posi- 
tion is recorded in terms of any easily measured 
distance between convenient points on the light source 
(or its mount) and the reflector. Photometric meas- 
urements of this type must be made at considerable 
distances, sometimes of the order of several hundred 
feet, and may involve other requirements that render 
the method unsuitable for many field installations. 
The NBS method for determining focus, unlike the 
determination by maximum candlepower, can be com- 
pletely set up in a small room and requires little more 
space than is required by the searchlight itself. It was 
therefore designated the NBS Short-Range Method. 
There are many other methods for determining focal 
point, some requiring long distances, some applicable 
within confined spaces, but it has been found that the 
NBS Short-Range Method is either more convenient or 
more accurate than alternative short-range methods. 
Although the shadow of an opaque obstruction in a 
searchlight beam would be congruent to the cross sec- 
tion of the obstruction only under ideal conditions never 
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realized in practice, these conditions may be approxi- 
mated so closely that, under certain restricted circum- 
stances, congruence may be used as a criterion of best 
focus and the extent of departures from perfect con- 
gruence, as a test of the quality of the reflector. Such 
approximation is obtained in the NBS Short-Range 
Method by the use of an extremely small ophthalmic 
lamp, installed in place of the searchlight’s own light 
source, an opaque mask of special design attached to 
the reflector and located about 114 in. from its aper- 
ture, and a screen with an accurately traced outline of 
the mask, located about 3 ft from the aperture of the 
reflector. None of the equipment need be made with 
high precision, and the installation requires only mod- 
erate care in alinement. The aperture of the reflector, 
the plane of the mask, and the screen should be paral- 
lel; but this adjustment can be made with only yard- 
stick accuracy. The distances between the mask and 
the reflector and between the reflector and the screen 
are not critical. The dimensions of the small coiled 
filament of the ophthalmic lamp are approximately 
Ye4 by 364 in. 

For determination of the focal point of the reflector 
the projected shadow of the opaque mask is made to 
fall on the traced outline of the mask on the screen. 
As the small lamp is moved along the axis of the sys- 
tem, the shadow will expand or contract in size, de- 
pending on whether the lamp is moved toward or away 
from the reflector. When the edges of the shadow 
(both the inner and outer) most closely approximate 
the traced outline, then the filament of the lamp is con- 
sidered to be at the focal point. The edges of the 
shadow of the mask seldom coincide perfectly with the 
traced outline; deviations from perfect coincidence are 
a measure of the imperfections of the reflector. The 
sensitivity of the method for determining focal point 
can be estimated, for example, from an examination of 
a pattern taken with the lamp 145 in. out of focus and 


a pattern taken with the lamp in focus. It has been 
found that the focal point can be determined easily to 
within 144 in. 

When the NBS Short-Range Focusing Method is 
used, it should be kept in mind that only a relatively 
small fraction of the total area of the reflector is actually 
utilized in the determination. This consists of the thin 
strips on the reflector that contribute to the formation 
of the edges of the shadow of the mask. As in any 


sampling technique, the validity of the sampling must | 


be established. A study of the searchlight reflectors 


for which the method was developed showed that the 
major departure from parabolic form was character- 


istically a function of the radius of any sampled area 
and that the focal points of all the zones in any thin 
circular strip (symmetrical about the axis) were con- 
stant. 
as to provide a sampling of areas of the reflector with 
a considerable range of radii. 


The mask was therefore designed in such a way _ 


Any of a variety of | 


masks may be used, and they should be designed in — 
each case to provide a sampling of reflector areas | 
suited to the characteristics of the particular reflector _ 


used. 


The projected shadow pattern reveals reflector im- | 


perfections clearly. In addition to revealing the dis- 


tortion by deviations between the edge of the shadow | 
of the mask and its traced outline on the screen, an | 


examination of the edge of the beam and of the appear- 


ance of the unshadowed areas within the beam will 
clearly show excessively prominent grinding marks, | 
bumps or hollows, distortions due to thermal or — 


mechanical stresses, etc. While reflectors may be 
examined visually for such distortions to a limited 


extent, the distortions are very much more difficult | 


to detect in this way. Moreover, with the projected 


shadow pattern, quantitative analysis of the defects | 


may be made quickly and accurately. 


Left: Photograph of screen with lamp at focal point of searchlight reflector, showing projected shadow of opaque | 
mask and the traced outline of the edges of the mask. The shadows of various parts of the searchlight mechanism _ 


are also visible. 


Center: Photograph of screen with lamp 1%. in. farther from searchlight reflector than the focal 
point, showing inner and outer edges of projected shadow of mask lying well within the traced outline. 


Adjust- | 


ment of the lamp to within 144 in. of the focal point is easily accomplished by close matching of the shadow edges | 


with the outline. 


Right: Projected shadow pattern obtained with an aluminum reflector. 


In addition to other 


distortions, the lack of sufficient polishing is indicated by the concentric. fringes originating in the corresponding 
hills and valleys in the reflector surface, left by the grinding operations. 
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Circuit diagram of the magnetizer 
constructed at NBS. The device is 
simple, portable, and economical. 


A Simple 


OSI for permanent magnets that has 
recently been constructed at the Bureau is unusu- 
ally compact, portable, and low in cost. Devised by 
George M. Orr of the NBS electromechanical ordnance 
laboratories, the magnetizer requires only a few simple 
and relatively inexpensive parts and weighs only 21 
Ib. It normally operates from 110-v alternating cur- 
rent, drawing only about 30 w yet giving peak mag- 
netomotive forces as high as 20,000 ampere-turns. 
Because of the complication, size, and expense of 
most magnetizing equipment the “charging” (mag- 
netizing) of permanent magnets has been largely con- 
fined to production lines and to a few well-equipped 
laboratories. Two methods are in general use at 
present. In one of these, a current pulse of the order 
of 50,000 amp and a duration of a few microseconds is 
passed through a single turn of heavy copper strap 
that circles the magnet. Equipment for this pulse 
method is relatively expensive, often bulky, and not 
always satisfactory. In another method, often used 
when 110-v d-c power is available, a coil of several 
thousand turns wound on a soft-iron yoke is con- 
nected across the line for a few seconds; the permanent 
magnet to be charged is placed between the pole pieces 
of the iron yoke. With this method, disconnection of 
the highly inductive load may present a problem, and 
flux density is limited by magnetic saturation of the 
iron yoke and by heating of the coil. 
The Bureau’s device is a form of “‘flash” magnetizer 
in which a large capacitor is quickly discharged 
through the magnetizing coil. Although flash mag- 
-netizing may not be fully effective for large magnets 
(the short duration of the magnetizing pulse does not 
always permit the magnetizing flux to reach full value 
| below the surface of the magnet), it is often quite 
| satisfactory for smaller ones. 
| In the newly constructed unit a 6,500-microfarad 
capacitor bank is charged to about 125 v by selenium 
Tectification of the a-c line voltage. Energy stored in 
the capacitor is transferred to the magnetizing coil by 
_a heavy-duty 24-v 70-amp motor-starting relay. The 
relay coil is actuated by a push switch. Since the relay 
gets its operating power from the capacitor bank, it 
opens shortly before the capacitor voltage has fallen to 
zero. Because the relay contacts thus open at a time 
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when the current through them is low, high current- 
interrupting capability is not required. 

The unit was built at the Bureau at a total cost of 
less than $50, using mostly war surplus parts. Capaci- 
tors rated at 650 microfarads 80 v direct current were 
obtained for about $1.50 each; after a forming period 
they operated satisfactorily at 125 v. Power consump- 
tion varies between 70 w (capacitor discharged) and 
10 w (capacitor charged) ; at the normal rate of mag- 
net charging—one pulse every 15 sec—the average line 
power drain is no more than 30 w. Because of this 
low power requirement, the unit could easily be de- 
signed to operate from batteries for portable use. 

Several magnetizing coils for the magnetizer have 
been constructed of designs that varied with the shape 
of the object to be magnetized. Although iron yokes 
are necessary for multipolar or radial magnetizing, 
simple layer-wound solenoids have been found quite 
satisfactory for general use. Optimum coils have 
from 150 to 200 turns, a d-c resistance in the range of 
0.3 to 1.0 ohm, and an inside diameter no larger than 
necessary to accommodate the magnet to be charged. 
In typical operation with such a coil, the peak current 

as an amplitude of the order of 150 amp and a dura- 
tion of roughly 2 milliseconds. 


The easy portablity of the NBS magnetizer is readily 
apparent. Inside the box are the isolation transformer, 
selenium rectifier, capacitor bank, and relay. Magnet- 
izing coils of several designs, tailored to different ap- 
plications, are shown in front of the box. (The large 
coil at the upper right is an a-c demagnetizing coil.) 


Magnet charger 


HOV 60~A,C. 
power plug 110 V_ A.C. 
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